Introduction
In recent years, there has been an increasing ecological and global public health concern associated with environmental contamination by heavy metals [1, 2] , these metals are defined as metallic elements that have a relatively high density compared to water [3] .
Cement is an important binder for construction industry [4] . A central process step during the manufacturing of cement is the production of intermediate product clinker. For this production, raw materials are burnt at high temperatures to produce a cement clinker, which is then grained in fine powder, together with determined quantity of gypsum [5] .
Despite the application of cement over various fields of construction, cement manufacture can be a significant source of heavy metal contamination in the environment due to the emission of dust and gases during combustion process [6] . To reduce the production cost, many manufactures are using alternative raw materials and secondary fuels such as used tires, paints residue, waste oils and solvent. These alternative sources could cause increase in heavy metals release from cement factories [7] .
Among the metals especially known to have deleterious effect in environmental studies are cadmium, lead, and mercury, chromium, copper, manganese, nickel, lead and zinc, among others [8] , these metals have been identified in the emission from cement plants [9] . People living near cement plant and workers in the cement factories are exposed to the emissions of various chemical agents result in a variety of occupational health and safety problems [4] . Cadmium Cd and chromium Cr emissions from cement factory is shown to accumulate in soil and plant specimens leading to elevated their concentration in biological samples obtained from a community living in the vicinity of the cement plant [10] . Thus, there is need for detection and identification of heavy metals elements in cement plants and has been an important problem around the world. The detection of heavy metals is performed by conventional methods like inductively coupled plasma atomic emission spectrometry (ICP-AES), atomic absorption spectrometry (AAS) and X-Ray fluorescence (XRF) [10, 11] . In these methods, the pre-treatment processing is complicated and time-consuming; the realtime detection cannot be implemented [13] .
Laser-induced breakdown spectroscopy (LIBS) technique is a type of atomic emission spectroscopy that enables the determination of the elemental composition of materials based on the characteristic atomic emission lines. The process starts from the deposition of pulsed laser energy in a small volume of sample (typically 1-20 J/cm2) within a short time period (5 -20 ns), resulting in vaporization and ablation of the sample into a fast growing plasma plume. Laser produced plasma comprising a spectrum of atomic emission lines corresponding to the atoms present in the ablated material [10] . Hence, atomic emission peaks in the spectrum reflects the local elemental composition of the sample and gives information about the elements in the form of emission lines located at specific wavelengths [14] . LIBS has rapidly developed into a major analytical technology with the capability of detecting all chemical elements in a sample, of real-time response, and of close-contact or stand-off analysis of targets [15] . In this paper, the possibility of use laser induced breakdown spectroscopy for fast qualitative analysis of heavy metals in two Iraqi cement samples is discussed. The characteristic spectrum of elements Pb, Cd, Zn, Cr and Ni in sulfate resistance Kufa and Mass Cement are examined. Since chromium is a known skin dermatitis source, the concentrations of chromium in two type of cement are calculated. The study is extended to characterize the produced plasma by calculating plasma temperature and electron density using neutral and ionic emission lines of chromium and cadmium.
Materials and Methods
Firstly, the most often used types of Iraqi cements were selected in this study, fine powder of Kufa and Mass Sulfate resistance cement samples were collected from local market. Sample pellets of 10mm diameter were produced by pressing 3.0g of each cement using hydraulic pressure without binder. For pressing of pellets uniform load at pressure of 5.0*10 8 Nm -2 was applied for 2.0 minutes duration. Then these pellet samples were placed into sample holder for analysis.
Secondly, the experimental setup consisted of passively Q-switched Nd: YAG nanosecond laser provides pulses of 9 ns duration at 1064 nm has been stated as shown in Fig.1 , which the laser beam is focused on the surface of a sample using a single lens of 100 mm focal length. Typical maximum pulse power density at the ablation surface was 1.4*10 9 Wcm -2 . The sample is placed on a moveable stage to have a new spot for each laser shot. Laser used to induce plasma line emission that collected by a 2.0 m multimode fiber with core diameter of 200 um. Which coupled to a spectrometer model (CCS-100) with (1200 Line/mm) grating and 20 um-slit dimension, which provided complete spectra coverage from 360 to 740 nm with a resolution less than 0.1 nm. Thor Labs OSA software controlled by personal computer (PC) was then utilized to illustrate the data as a diagram between intensity and wavelength. Spectra were recorded continuously to keep the experimental conditions unchanged for all samples.
For determination of heavy metals in Cement, the LIBS system should be calibrated. The most common method for the calibration of a LIBS system for quantitative analysis is by measuring the spectral intensity at the most intense wavelength of that element with certified reference material. This wavelength is experimentally observed from pure metal spectrum. A known concentration of pure Cr metal is mixed with high purity Pb powder with weight ratio of (0.003, 0.005, 0.008 and 0.01)%, the mixed metal powders were homogenized for 2.0 hours by milling ball. Then, the mixed combinations are pelletized by hydraulic press machine at 5.0*108 Nm-2 to the same size discs of 10 mm diameter and 3.0 mm thickness. Fig.2 and Fig.3show typical LIBS spectra of both Sulfate resistance Kufa and Mass cements amples in two different spectral regions ranged from (350 to 390nm; and from 470to550nm) respectively. In general, five elements have been included in our consideration: Pb, Cd, Ni, Cr and Zn. From each individual spectrum, there were different relative emission intensities from these elements. Spectral lines were determined for each of the five elements according to NIST database [16] . Fig.2 revealed that the spectrum is dominated by two emission lines of both Pb at (373.99 nm,357.27 nm) and Ni at (351.5nm,356.6nm),while emission from Cd have just one spectral line at 361.28. nm.
Results and Discussions
As well as, Fig.3 revealed that the possibility to observe two emission lines of Cr at 534.5nm and 540.97nm. Besides, the lines of Zn at 491.16nm and Cd at 508.58nm can also observe. Moreover, the results showed that the line intensities of Cd, Cr, and Ni in Sulfate resistance Mass cement were higher than those of Sulfate resistance Kufa cement. On the other hand, the line intensities of Zn and Pb were higher those of Sulfate resistance Kufa cement. This could be attributed to that the raw materials being used for production of cement collected from different geological locations inside Iraq. In addition, the presence of waste, secondary input material and fuels could exceed the limit values of heavy metals [17] .
The average intensity of emission line is summarized in Table. 1. For the same element, the mean value of LIBS relative line intensity indicates the relative contents of elements. Therefore, line intensities associated to the elements for a given cement samples provide a profile of relative concentrations of the elements. More studies are needed to confirm these results using other Iraqi cements by LIBS spectra.
For Quantitative analysis of Cr concentration in cements ample, calibration curve technique is employed. In calibration curves a linear relationship between element response and the concentration of the analytes over a certain range is plotted, line intensity at specific wavelength measured for an unknown sample can be related to the corresponding unknown elemental concentration. The peak height of emission line is measured at the selected wavelength of Cr at (540.97nm) as shown in Fig.4 .The linear regression coefficient (R) values for all calibration curves were greater than 0.998, which showed strong linear dependence of the LIBS signal on the concentration of analytes and was acceptable for quantitative analysis. Chromium concentrations were (30 and 41)pp min Kufa and Mass cement receptively and were in acceptable limits [18] . 
Plasma Parameters
In LIBS experiment, it was assumed that the plasma is in the local thermodynamic equilibrium (LTE) condition. In this case the emissions from electron collisions are much larger than from the radioactive processes, and plasma should be optically thin for the lines that are used for its characterization, which means that all emitted photons should not absorb in the plasma volume. In order to satisfy LTE assumption, it is necessary to compute the plasma temperature and electron density. Boltzmann plot method is used to measure Cr and Cd Plasma temperature through the relative emission intensities of spectral lines. Here, the population density of atomic and ionic electronic states is described by a Boltzmann distribution [19] .
where K is the Boltzmann constant, U(T) is the partition function, A ki is the transition probability, gk is the statistical weight for the upper level, E K is the excite level energy, T is the temperature (in LTE all temperatures are assumed to be equal, i.e. Te≈Tion≈Tplasma) and N(T) is total density (Ions +neutrals). Take the natural logarithm of equation (1), obtaining Where F is an experimental factor and C is the species concentration.
Boltzmann plots for Cd and Cr are plotted based on neutral emission lines of these two metals as shown in Figs 5 and 6 respectively. The plasma temperatures are estimated to 0.633 eV with in 10% uncertainty mainly due to uncertainties in the transition probabilities for the lines and the measurement of the integrated line intensities used [18] .
Plasma Electron Density
According to the fact, that in the LIBS spectra, both neutral and ionic spectral lines are usually occurred, there is a possibility to evaluate separately electron temperature from neutral and separately from ionic lines. In LTE both evaluated values of electron temperature should be the same. The electron density can be estimated from the intensity ratio of the two lines corresponding to different ionization stage of the same elements [20] . By using equation (1) and Saha equation, the following expression for the electron density Ne is given by:
Where the subscript a is used for neutral atoms, i for singly ionized state, and are the upper level energy of neutral atomic and ionic transitions; V is the ionization energy of neutral atom (eV). The transition and corresponding electron density for Cr metal calculated from equation 3 are shown in Table 2 . According to this table, we obtained the average value of electron density of ((4.515*10 14 ) cm -3 . For Cd element, the ionized ionic line located beyond of our optical spectrum range, so we cannot determine its electron density.
Conclusion
In this paper, the characteristic spectra of Pb, Cd, Zn, Cr and Ni in two types of sulfate resistance Iraqi cement were determined by LIBS. The results demonstrated that the species and contents of heavy metal in cement can be identified and specified by their LIBS spectra. Experiments show LIBS can quickly analyze the relative content of heavy metals in cement. The relative concentrations of the elements were directly proportional with their LIBS spectra. Such relative concentrations can be precisely determined by LIBS utilizing the calibration curves for each element. Further study is needed to assess the hazardous of heavy metal contamination in Iraqi cement industry. 
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